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Abstract: In order to obtain the suitable phase change material (PCM) with low phase change temperature and
improve its heat transfer rate, experimental investigation was conducted in this study. Firstly, different mass ratio
of lauric acid(LA) and stearic acid(SA) eutectic mixture were prepared and characterized by differential scanning
calorimetry (DSC).Then, the performance of eutectic mixture during charging process under different fin width in
vertical condition, and performance during charging and discharging processes under different inlet temperature
heat transfer fluid(HTF) in horizontal condition were investigated respectively. The results revealed that the
LA-SA eutectic mixture had the suitable phase change temperature and desired latent heat for low-temperature
water floor heating system. Wide fins and high inlet temperature HTF significantly enhanced the transfer rate and
decreased the melting time.
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1 Introduction
In China, building energy consumption doubled from 1998 to 2009, and the share of total
energy consumption in buildings has been increased from 20% to 40% [1]. Phase change materials
(PCM) that can absorb, store and release heat according to the surrounding environmental
conditions provide an alternative for reducing peak cooling loads and improving indoor thermal
comfort.
PCM can be widely applied in actual projects, such as solar energy systems[2, 3], thermal storage
of building[4] [5]and recycling the industrial waste heat[6],and so on.
At present, a large number of inorganic, organic and their mixtures PCMs have been
studied[7].Among all investigated PCMs, the organic fatty acids mixtures have good thermal and
chemical stability, small volume change, self-nucleating behavior and low sub-cooling. These
make them a preferred thermal storage material in building application due to congruent melting,
good chemical stability and non-toxicity. Furthermore, fatty acids have less environmental impacts
than other PCMs because they are derived from common vegetable and animal oils[8, 9].However,
the higher phase change temperature exceeds the human body comfort range and lower thermal
conductivity (0.2~0.3W/m k) reduce heat transfer efficiency.
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In previous studies where fatty acids have been used as PCMs, it was found that two or more
fatty acids can be mixed to form an eutectic mixture with a lower phase change temperature and
the same stability of a single component. Eutectic mixtures of fatty acids as PCMs have a wider
phase change temperature range and thus they have also started to be used more frequently in
engineering applications .San et al. [10]investigated the possibilities of combining stearic acid (SA),
lauric acid (LA), myristic acid (MA), and palmitic acid (PA) and they found that the melting
temperatures of the binary systems are lower than those of the single acids. They also found that
there are no major changes in the melting temperatures and the latent heat of fusion of these
materials after accelerated thermal cycle tests. Fauzi et al.[11] studied myristic acid/palmitic
acid/sodium myristate (MA/PA/SM) and myristic acid/palmitic acid/sodium palmitate
(MA/PA/SP), by using a thermal cycling test setup. It was found that the chemical bonding
structures of these eutectic PCMs show no degradation and their thermal performance shows a
good stability after 3600 thermal cycles.
The low thermal conductivity is another drawback of the fatty acid PCMs. In order to improve
the heat transfer, various approaches have been developed and the relevant literature has been
summarized in this paragraph. Sarı et al. [10, 12, 13] studied the thermal properties and phase change
stability of MA, PA and SA as PCMs through experiments. The PCMs were filled in the ring
cavities of two concentric circular tubes and hot and cold water was used to heat and cool the
PCMs, respectively. The experimental results show that the melting stability of the PCMs was
better in the radial direction than that in the axial direction. In the melting process, the heat
convection in the liquid phase played an important role. Sharma et al.[14] studied the effect of
thermal conductivity and thermal capacity of fatty acids, the thermal conductivity of heat
exchanger materials and their effect on melt fraction. Hamada et al.[15] inserted carbon fiber
brushes to improve the heat transfer rates of phase change materials in the heat thermal energy
storage tanks, which were used in an air conditioning system of a building. Kurnia et al.[16]
analyzed numerically the heat transfer rate of PCM thermal energy storage devices with different
configurations on cyclic charging and discharging processes and used multiple PCMs arrangement
to further enhance their thermal performance. Tay et al.[17] constructed a new heat transfer
enhancement device; a tube-in-tank thermal storage, increasing the temperature gradients during
the melting process significantly. Abduljalil et al.[18] experimentally investigated the charging and
discharging process in a triplex tube heat exchanger with internal and external fins. Tiariet al.[8]
investigated numerically the effect of heat pipe spacing, length and number of fins and the
influence of natural convection on the thermal response of the thermal energy storage unit. Lv et
al.[9] investigated experimentally the thermal conductivity efficiency of Polyethylene glycol (PEG)
which was added the different mass fraction of expanded graphite (EG). Yang et al[19]. prepared a
myristic-palmitic-stearic acid with expanded graphite composite (MA-PA-SA/EG) PCM and
conducted a thermal and chemical stability test. The results indicated the prepared composite PCM
has improved properties, and the conductivity of the composite PCM was measured as 2.51 W/m
K, which is much higher than that of MA–PA–SA.
This research focuses on a binary eutectic PCM for thermal energy storage which is
composed of lauric acid and stearic acid(LA-SA) and, as it will be shown in Section 2, it is
positioned vertically and horizontally in a heat exchanger. Different mass ratios of LA-SA eutectic
mixtures were prepared, and their thermal properties were firstly characterized by DSC. Then, an
experiment was conducted to investigate the effect of the fin width on the heat transfer efficiency

when the heat exchanger is positioned vertically. Finally, the experiment was repeated by
changing the inlet temperature of the HTF in the heat exchanger and positioning the heat
exchanger horizontally in order to study the potential differences on heat transfer performance.

2 Experimental procedures
2.1 Materials and thermal properties of LA-SA eutectic mixture
Lauric acid and stearic acid obtained from Jiehui Chemical Co., Ltd., China were used as the
phase change materials. The following six eutectic mixture samples with different mass ratios of
LA and SA (LA:SA) were prepared: (70:30), (72:28), (74:26), (75.5:24.5), (78:22) and (80:20).
The preparation process involved pouring the mixture samples into 500ml beakers separately, then
putting the beaker into a thermostatic water bath at 70℃, and finally using a magnetic stirrer at
400rpm/min to stir the mixture for 45min.
The phase change temperature and latent heat of the six eutectic mixture samples were
investigated by using a differential scanning calorimeter (PE：Pyris-1 USA) at 10℃/min, under a
constant stream of argon, at a flow rate of 50mL/min. The phase change enthalpy and temperature
measurements had an accuracy within ±5% and ±0.2 °C, respectively. The DSC instrument was
calibrated with indium as a standard reference material.

2.2 Experimental devices and methodology
Experimental studies were conducted to reveal the heat transfer performance of the LA-SA
binary PCM in a heat exchanger system. The schematic of the experimental system is shown in
Fig.1, which was composed of a sealed shell filled with PCM, an aluminum finned tube passing
through the shell, water tank with flow meter supplying constant heat transfer fluid (HTF), and a
data logger. The dimensions of the heat exchanger units in vertical and horizontal position was
shown in Fig.2. In the heat exchanger system, thermocouples(K-type, copper-constantan, 1.5 mm
diameter and accuracy ±0.2K) were used to measure the temperature evolution. The position of
the thermocouples is shown in Fig.1, and the figure also demonstrates the dimension of the heat
exchanger and fined tube.
In our heat transfer experiment, two experimental procedures were conducted as follows:
1) In the first procedure, the heat exchanger was positioned vertically, with fin width being
varied as 0mm (no fins), 10mm, 20mm, and 30mm. Heat transfer experiments were conducted to
analysis the heat transfer process of binary organic PCMs and quantify the effect of the heat
exchange area on the heat storage of PCM.
2) In the second procedure, the heat exchanger was positioned horizontally, with the inlet
temperature being varied as 50℃, 60℃ and 70℃. Complete charging and natural discharging
experiments were conducted for 10 hours to investigate the heat transfer mechanism of binary
organic PCMs and the effect of that the HTF temperature has on heat storage of PCM.

(a)
Fig.1. Schematic of the experimental step:1-Heat exchanger, 2-Constant temperature water tank, 3-Water pump,
4-Flow meter, 5-Valve, 6-Data logger, 7-Computer

Fig.2 Dimensions of the heat exchanger units: (a)the heat exchanger units in vertical condition;
(b)the heat exchanger units in horizontal condition

3 Result and discussion
3.1 Properties of the LA-SA eutectic mixture
Fig.3 reveals the DSC curves of pure LA, SA and LA-SA eutectic mixture with different mass
ratio during charging and discharging process, and Table 1 presents the corresponding latent heat
fusion and phase change temperature values from the measurements.

Fig.3 DSC curves of pure LA, SA and LA-SA eutectic mixture with different mass ratio:
(a) charging process; (b)discharging process
Table 1 Latent heat and phase change temperature of LA-SA eutectic mixture
Charging process
Specimen

Peak/

Discharging process

DeltaH/

Onset/

End/

DeltaH/

Onset/

(J/g)

(℃)

（℃） （℃）

LA

185.24

45.60

47.71

SA

187.35

56.16

LA:SA(70:30)

165.45

LA:SA(72:28)

Peak/

End/

(J/g)

(℃)

（℃） （℃）

48.48

-185.32

43.56

42.52

41.42

59.02

59.50

-183.28

55.09

53.52

52.04

34.71

37.15

38.15

-149.67

29.97

28.59

27.47

166.69

35.02

37.63

38.52

-149.73

29.93

28.44

27.25

LA:SA(74:26)

168.69

34.77

38.09

39.00

-153.07

31.28

29.04

27.58

LA:SA(75.5:24.5)

167.30

34.16

37.48

38.72

-150.78

31.81

30.14

28.94

LA:SA(78:22)

169.45

34.92

38.01

39.20

-157.07

32.89

31.23

29.93

LA:SA(80：20)

168.91

34.33

39.03

39.97

-156.21

33.32

31.46

29.93

The DSC results revealed that the melting temperature of pure LA and SA were 45.6℃ and
56.16℃, respectively. Such temperatures are higher than the usual temperatures that are occurring
in the built environment. However, for the LA-SA binary eutectic mixtures, the melting
temperature reduced significantly (to approximately 34-35℃) and without measuring a significant
change of the melting latent heat(Table 1).The reduced melting temperature makes the resulted
PCM suitable for low-temperature water floor heating systems, which often operate with
temperatures of approximately 45/25–35°C (supply/return temperatures)[20]. The similar
characteristics of solidification temperature and enthalpy can also be observed from DSC results
during the freezing process. Furthermore, the sub-cooling phenomenon of the binary mixture
weakens with the mass increase of LA as shown the DSC results presented in Table 1. When the
mass fraction of LA: SA was 75.5:24.5, the melting and solidification temperature of binary
mixture were 34.16℃ and 31.81℃, and melting and solidification latent heat were 167.30J/g and
150.78J/g, respectively. The test results were in accordance with the previous
research[21]. Therefore, the binary mixture with mass fraction of 75.5:24.5(LA: SA) was employed
in the following research.

3.2 The effect of fin width on charging performance in vertical condition

In this section, the heat exchanger was placed in vertical position as shown in Fig. 4(e). The
experiment was conducted to study the effect of fin width on heat transfer performance.

Fig. 4 Temperature evolutions of the heat storage unit with different fin width: (a) 00mm,
(b) 10mm, (c) 20mm, (d) 30mm; (e) the location of the tested points

Fig.4 illustrates the temperature curves of LA-SA eutectic mixture during charging process with
fin width of 0mm, 10mm, 20mm and 30mm,with and inlet HTF temperature of 70°C and HTF
velocity of 1.5 L/min. The temperature curves are divided in three stages: solid sensible heating
(stage I), phase change (stage II) and liquid sensible heating (stage III). In solid sensible heating
process, the temperature of all tested points does not reach the melting point and all three
temperature curves follow a similar trend, with temperature increasing slowly over time. After the
phase change process is completed, the temperature increases rapidly and the tested point located
at the higher part of the heat exchanger has the higher temperature (T1>T2>T3). Finally, there is a
slower temperature increase at the three tested points, and as the progresses all three temperature
curves are approaching each other.
The charging process above can be explained as follows: At solid sensible heating stage (stage
I), the heat exchanger is filled with solid PCM which has low thermal conductivity, and as a result
the temperature increases slowly. At phase change stage (stage II), the PCM reaches to the melting
point, the solid PCM around the heat transfer tube melts, with the PCM around the upper test
pointed (T1) melting first, followed by the PCM at the lower parts (T2 and T3). At the liquid
heating stage (stage III) , the higher temperature liquid PCM has lower density moves, above the
solid PCM surface which has higher density. Therefore, during the early process of stage III, the
temperature of test point T1 rises faster than the temperature at test point T2, which in turn rises
faster than the temperature at test point T3. During the last part of stage III, the temperature
difference in heat exchanger between the upper part and the lower part is relatively small, which
leads to natural convection vanishing gradually and losing its dominance on enhancing the heat
transfer.

When comparing the temperature curves of the four diagrams as shown in Fig.4(a, b, c, d), it
can be seen that fin width is an important factor and has great influence on heat transfer
performance. For test point 3, for example, which is positioned at the bottom of the heat exchanger,
it can be observed that the heating time of the solid sensible heating stage requires 175min,
130min, 125min and 110min when fin width is 0mm, 10mm, 20mm and 30mm, respectively.
Similarly, the time required for test T3 to 60°C decreases significantly with the increase of fin
width. It has been therefore shown that fin width extends the heat transfer area in the heat
exchanger, which significantly enhance the heat transfer efficiency of the PCMs.

3.3 The effect of inlet temperature in horizontal condition
In this section, the heat exchanger is positioned horizontally, and inlet temperatures varied as
50°C, 60°C and 70°C. The fin width used was 30mm and the HTF velocity was 1.5 L/min.
Measurements were therefore conducted to quantify the effect of inlet temperatures during the
charging and natural discharging processes.
Fig.5(a, b, c) illustrates the temperature evolutions of PCM. It can be seen that the temperature
curves can be divided into two parts: charging process and natural discharging process. During the
charging process as shown in Fig.5, the temperature of the tested points in the upper part of the
heat exchanger are usually higher than that in the lower part (T2>T1>T4>T3). The corresponding
tested points((T2, T4), (T1,T3)) are positioned at an equal distance from the tube, but the
temperature of (T2,T1) increases more rapidly than that of (T4,T3) , which is attributed to natural
convection that drives the higher temperature liquid PCM to move above the lower temperature
solid PCM.
During the discharging process, the temperature curves of the four tested points drop rapidly
to the melting point by following approximately the same trend with each other. The temperature
variations of the discharging process are very different to the charging process. During discharging,
the temperature of each point decreases gradually until it becomes approximately constant around
the solidification points. Hence, it can be concluded that natural convection dominates the
charging process and thermal conduction plays the most important role during the discharging
process.

Fig. 5 Temperature evolutions of 6h charging and 4h natural discharging with different inlet temperature:
(a) 50°C, (b) 60°C, (c) 70°C; (d) the location of the tested points

HTF temperature affected the temperature evolution significantly. A HTF temperature of
50°C melts the PCM ineffectively as shown in Fig.5(a), with only one test point temperature (T2)
being increased rapidly after reaching the melting point, while the temperature of the lower two
test points (T3 and T4) fails to exceed the melting point. HTF temperatures of 60°C and 70°C melt
the PCM effectively as shown in Fig.4(b, c), where it can be seen that the temperature of all four
test points increased rapidly after reaching the melting point. For test point 2,for example, after 6h
of heating with an inlet temperature of 50°C the test point temperature is 42.5°C.On the other
hand, when inlet temperature was 60°C and 70°C for 6h of heating, the test point temperature
(T2)was53°C and 64°Crespectively, a 24.7% and 50.6% increase respectively when compared
with the case of 50°C inlet temperature. Hence, it was shown that the inlet temperature has
significantly enhanced the heat transfer efficiency in the heat exchanger with the PCM.

4 Conclusions
In this study, characterization of binary organic PCM was characterized and two heat transfer
experiments were conducted. Three conclusions can be drawn as follows from the results
obtained:
a) DSC results show that when comparing with pure LA and SA, the melting and solidification
temperature of LA-SA eutectic mixtures can be significantly reduced to values that are more

useful for applications in buildings. Meanwhile, the latent heat of the LA-SA eutectic mixtures is
not significantly less than the latent heat of pure LA and SA.
b) The natural convection existed both in charging and discharging process. For the charging
process, natural convection play an important role in heat transfer which can reduce the charging
time, but natural convection in discharging process is much weaker than that in charging process.
c) During the heat transfer process in a heat exchanger that contains a LA-SA binary eutectic
mixture, increasing the fin width to expand the heat transfer area improves the heat transfer
efficiency and significantly decreases the melting time.
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